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AEROSOL DRUG DELIVERY DEVICE 
INCORPORATING PERCUSSIVELY ACTIVATED 

HEAT PACKAGES 

[0001] This disclosure relates to aerosol drug delivery 
devices incorporating percussively activated heat packages. 
The drug delivery devices can be activated by actuation 
mechanisms to vaporiZe thin ?lms comprising a drug. These 
thin ?lms can consist of a solid or a viscous liquid. This 
disclosure further relates to thin ?lms comprising a metal 
coordination complex of a volatile compound in Which the 
volatile compound is selectively vaporiZable When heated. 
More particularly, this disclosure relates to thin ?lms of 
nicotine metal salt complexes for the treatment of nicotine 
craving and for effecting smoking cessation. 

[0002] Cigarette smoking provides an initial sharp rise in 
nicotine blood level as nicotine is absorbed through the 
lungs of a smoker. In general, a blood level peak produced 
by cigarettes of betWeen 30-40 ng/mL is attained Within 10 
minutes of smoking. The rapid rise in nicotine blood level is 
postulated to be responsible for the postsynaptic effects at 
nicotinic cholinergic receptors in the central nervous system 
and at autonomic ganglia Which induces the symptoms 
experienced by cigarette smokers, and may also be respon 
sible for the craving symptoms associated With cessation of 
smoking. 

[0003] While many nicotine replacement therapies have 
been developed, none of the therapies appear to reproduce 
the pharmacokinetic pro?le of the systemic nicotine blood 
concentration provided by cigarettes. As a consequence, 
conventional nicotine replacement therapies have not 
proven to be particularly effective in enabling persons to quit 
smoking. For example, many commercially available prod 
ucts for nicotine replacement in smoking cessation therapy 
are intended to provide a stable baseline concentration of 
nicotine in the blood. Nicotine cheWing gum and transder 
mal nicotine patches are tWo examples of smoking cessation 
products Which, While providing blood concentrations of 
nicotine similar to that provided by cigarettes at times 
greater than about 30 minutes, these products do not repro 
duce the sharp initial rise in blood nicotine concentrations 
obtained by smoking cigarettes. Nicotine gum is an ion 
exchange resin that releases nicotine sloWly When a patient 
cheWs, and the nicotine present in the mouth is delivered to 
the systemic circulation by buccal absorption. Nicotine 
patches provide a loW, consistent blood level of nicotine to 
the user. Thus, both nicotine gum and transdermal nicotine 
do not reproduce the pharmacokinetic pro?le of nicotine 
blood levels obtained through cigarette smoking, and thus 
do not satisfy the craving symptoms experienced by many 
smokers When attempting to quit smoking. 

[0004] Inhalation products Which generate nicotine vapor 
are also ineffective as inhaled vapors are predominately 
absorbed through the tongue, mouth and throat, and are not 
deposited into the lungs. Smokeless nicotine products such 
as cheWing tobacco, oral snuff or tobacco sachets deliver 
nicotine to the buccal mucosa Where, as With nicotine gum, 
the released nicotine is absorbed only sloWly and inef? 
ciently. Nicotine blood levels from these products require 
approximately 30 minutes of use to attain a maximum 
nicotine blood concentration of approximately 12 ng/mL, 
Which is less than half the peak value obtained from smoking 

Feb. 16, 2006 

one cigarette. LoW nicotine blood levels obtained using a 
buccal absorption route may be due to ?rst pass liver 
metabolism. 

[0005] Orally administered formulations and loZenges are 
also relatively ineffective. 

[0006] Rapid vaporiZation of thin ?lms of drugs at tem 
peratures up to 600° C. in less than 200 msec in an air How 
can produce drug aerosols having high yield and high purity 
With minimal degradation of the drug. Condensation drug 
aerosols can be used for effective pulmonary delivery of 
drugs using inhalation medical devices. Devices and meth 
ods in Which thin ?lms of drugs deposited on metal sub 
strates are vaporiZed by electrically resistive heating have 
been demonstrated. Chemically-based heat packages Which 
can include a fuel capable of undergoing an exothermic 
metal oxidation-reduction reaction Within an enclosure can 
also be used to produce a rapid thermal impulse capable of 
vaporiZing thin ?lms to produce high purity aerosols, as 
disclosed, for example in US. application Ser. No. 10/850, 
895 entitled “Self-Contained heating Unit and Drug-Supply 
Unit Employing Same” ?led May 20, 2004, and US appli 
cation Ser. No. 10/851,883, entitled “Percussively Ignited or 
Electrically Ignited Self-Contained Heating Unit and Drug 
Supply Unit Employing Same,” ?led May 20, 2004, the 
entirety of both of Which are herein incorporated by refer 
ence. These devices and methods are appropriate for use 
With compounds that can be deposited as physically and 
chemically stable solids. Unless vaporiZed shortly after 
being deposited on the metal surface, liquids can evaporate 
or migrate from the surface. Therefore, While such devices 
can be used to vaporiZe liquids, the use of liquid drugs can 
impose certain undesirable complexity. Nicotine is a liquid 
at room temperature With a relatively high vapor pressure. 
Therefore, knoWn devices and methods are not particularly 
suited for producing nicotine aerosols using the liquid drug. 

[0007] Thus, there remains a need for a nicotine replace 
ment therapy that provides a pharmacokinetic pro?le similar 
to that obtained by cigarette smoking, and thereby directly 
addresses the craving symptoms associated With the cessa 
tion of smoking. 

[0008] Accordingly, a ?rst aspect of the present disclosure 
provides a drug delivery device comprising a housing de?n 
ing an airWay, Wherein the airWay comprises at least one air 
inlet and a mouthpiece having at least one air outlet, at least 
one percussively activated heat package disposed Within the 
airWay, at least one drug disposed on the at least one 
percussively activated heat package, and a mechanism con 
?gured to impact the at least one percussively activated heat 
package. Drugs that can be coated as thin ?lms (either solids 
or viscous liquids) are particularly suited for this aspect of 
the invention. LikeWise, as discussed beloW, volatile or 
liquid drugs that can form a complex and then coated as a 
thin ?lm are also suitable for use in this aspect of the 
invention. For purposed of clarity, “percussively activated 
heat package” herein means a heat package that has been 
con?gured so that it can be ?red or activated by percussion. 
An “unactivated heat package” or “non-activated heat pack 
age” refers herein to a percussively activated heat package 
in a device, but one that is not yet positioned in the device 
so that it can be directly impacted and ?red, although the 
heat package itself is con?gured to be activated by percus 
sion When so positioned. 



US 2006/0032501 A1 

[0009] A second aspect of the present disclosure provides 
a percussively activated heat package comprising an enclo 
sure comprising a region capable of being deformed by a 
mechanical impact, an anvil disposed Within the enclosure, 
a percussive initiator composition disposed Within the enclo 
sure, Wherein the initiator composition is con?gured to be 
ignited When the deformable region of the enclosure is 
deformed, and a fuel disposed Within the enclosure con?g 
ured to be ignited by the initiator composition. 

[0010] A third aspect of the present disclosure provides 
metal coordination complexes comprising a volatile com 
pound, and in particular metal coordination complexes of 
nicotine, Wherein the compound is selectively vaporiZable 
When heated. 

[0011] Afourth aspect of the present disclosure provides a 
method of producing an aerosol of a compound by selec 
tively vaporiZing the compound from a thin ?lm optionally 
comprising a metal coordination complex comprising the 
compound. 
[0012] A ?fth aspect of the present disclosure provides a 
method of delivering a drug to a patient comprising provid 
ing a drug delivery device comprising, a housing de?ning an 
airWay, Wherein the airWay comprises at least one air inlet 
and a mouthpiece having at least one air outlet, at least tWo 
or more percussively activated heat package disposed Within 
the airWay, at least one drug disposed on the percussively 
activated heat packages, and a mechanism con?gured to 
impact the percussively activated heat packages, inhaling 
through the mouthpiece, and actuating the mechanism con 
?gured to impact, Wherein the percussively activated heat 
package vaporiZes the at least one drug to form an aerosol 
comprising the drug in the airWay Which is inhaled by the 
patient. 
[0013] A sixth aspect of the present disclosure provides a 
method for treating nicotine craving and smoking cessation 
using a nicotine aerosol. 

[0014] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary and explanatory only and are not restrictive of 
certain embodiments, as claimed. 

DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is an isometric vieW of a drug delivery 
device according to certain embodiments. 

[0016] FIG. 2 is a cross-sectional vieW of a drug delivery 
device incorporating percussively ignited heat packages 
according to certain embodiments. 

[0017] FIG. 3 is a cross-sectional vieW of a heat package 
according to certain embodiments. 

[0018] FIG. 4 is a cross-sectional vieW of a drug delivery 
device in Which each heat package is disposed Within a 
recess according to certain embodiments. 

[0019] FIG. 5 is another vieW of heat packages disposed 
Within recesses. 

[0020] FIGS. 6A-6E illustrate additional embodiments of 
heat packages. 

[0021] FIG. 7 shoWs a conceptual summary of the use of 
metal coordination complexes to stabiliZe volatile com 
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pounds, and subsequently selectively volatiliZe the organic 
compound from a solid thin ?lm of the metal coordination 
complex. 
[0022] FIG. 8 is a chart shoWing percent nicotine aerosol 
yield of selectively volatiliZed solid thin ?lms of a (nico 
tine)2-ZnBr2 metal coordination complex. 

[0023] FIG. 9 is a chart shoWing percent nicotine aerosol 
purity of selectively volatiliZed solid thin ?lms of a (nico 
tine)2-ZnBr2 metal coordination complex. 

[0024] FIG. 10 is a vieW of a multidose heat packages as 
a reel for use in a drug delivery device. 

[0025] Reference Will noW be made in detail to embodi 
ments of the present disclosure. While certain embodiments 
of the present disclosure Will be described, it Will be 
understood that it is not intended to limit the embodiments 
of the present disclosure to those described embodiments. To 
the contrary, reference to embodiments of the present dis 
closure is intended to cover alternatives, modi?cations, and 
equivalents as may be included Within the spirit and scope 
of the embodiments of the present disclosure as de?ned by 
the appended claims. 

DESCRIPTION OF VARIOUS EMBODIMENTS 

[0026] Unless otherWise indicated, all numbers expressing 
quantities and conditions, and so forth used in the speci? 
cation and claims are to be understood as being modi?ed in 
all instances by the term “about.” 

[0027] In this application, the use of the singular includes 
the plural unless speci?cally stated otherWise. In this appli 
cation, the use of “or” means “and/or” unless stated other 
Wise. Furthermore, the use of the term “including,” as Well 
as other forms, such as “includes” and “included,” is not 
limiting. Also, terms such as “element” or “component” 
encompass both elements and components comprising one 
unit and elements and components that comprise more than 
one subunit unless speci?cally stated otherWise. 

[0028] VaporiZation of thin ?lms comprising a drug can be 
used for administering aerosols of a drug to a user. Inhala 
tion drug delivery devices in Which an aerosol is produced 
by vaporiZing a solid thin ?lm of a drug are described, for 
example, in US. patent application Ser. No. 10/850,895, the 
disclosure of Which is incorporated herein by reference. In 
such devices, inhalation on the device by a patient activates 
a heating element on Which is disposed a thin solid ?lm of 
a drug. The fast thermal impulse vaporiZes the drug Which 
forms an aerosol in the air ?oW generated by the patient’s 
inhalation. The aerosol is ingested by the patient and deliv 
ered to the patient’s lung Where the drug can be rapidly and 
ef?ciently absorbed into the patient’s systemic circulation. 
Devices in Which a fuel capable of undergoing an exother 
mic metal oxidation-reduction reaction to provide heat to 
vaporiZe a substance have also been described (see, for 
example, “Staccato Device Application.” The thin ?lms of 
metal coordination complexes of volatile compounds dis 
closed herein can be used in similar devices and in a similar 
manner to produce high purity drug aerosols. 

[0029] It is postulated that treatment of nicotine craving 
and smoking cessation can be addressed by treatment regi 
mens and/or therapies that reproduce the rapid onset of high 
nicotine blood concentrations achieved during cigarette 
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smoking. A cigarette smoker typically inhales about 10 
times over a period of about 5 minutes. Therefore, a nicotine 
delivery device capable of simulating the use pro?le of 
cigarette smoking Would include from 5 to 20 doses of about 
200 pg each of nicotine, Which could then be intermittently 
released upon request by the user. While such protocols can 
be accommodated by previously described portable multi 
dose drug delivery devices, for example, as disclosed in US. 
application Ser. No. 10/861,554, entitled “Multiple Dose 
Condensation Aerosol Devices and Methods of Forming 
Condensation Aerosols, ?led Jun. 3, 2004 such devices 
employ electrically resistive heating to vaporiZe a thin solid 
?lm, and therefore require a relatively expensive and bulky 
poWer source such as a battery. Portable multi-dose drug 
delivery devices Which do not incorporate batteries, Which 
are readily disposable, and Which are amenable to high 
volume, loW cost manufacturing can be useful, particularly 
for nicotine replacement therapies. Amechanically actuated, 
percussively ignited, chemical heat package, can provide a 
compact, self-contained heating system capable of vaporiZ 
ing thin ?lms of drugs, for use in portable, multi-dose and 
single-dose drug delivery devices. 

[0030] FIG. 1 shoWs an isometric vieW of a multi-dose 
drug delivery device incorporating a percussive heat pack 
age, and a mechanical actuation mechanism. Adrug delivery 
device 10 includes a housing comprising an endpiece 12, 
and a mouthpiece 14. Endpiece 12 and mouthpiece 14 de?ne 
an internal airWay having at least one air inlet 16 (hidden), 
and at least one air outlet 18 de?ned by mouthpiece 14. A 
manually actuated push-button sWitch 20 is incorporated 
into endpiece 12. Endpiece 12 and mouthpiece 14 can be 
separate units that can be separably, rotatably, or ?xedly 
connected at interface 22. The dimensions of drug delivery 
device 10 can be such that the device can be easily and 
ergonomically handled. For the purposes of nicotine 
replacement therapy, it can be useful that the look and feel 
of drug delivery device 10 simulate that of a cigarette, 
cigarillo or a cigar. For example, in certain embodiments, the 
length of endpiece 12 can be 1.4 inches With an outer 
diameter of 1.2 inches, and the length of mouthpiece 14 can 
be 1.8 inches to 2.5 inches. Mouthpiece 14 can have a 
diameter the same as that of endpiece 12 at interface 22, and 
can be tapered toWard air outlet 18 as appropriate for user 
convenience and comfort, as Well as to facilitate inhalation 
and delivery of a drug aerosol into the lungs of a user. The 
cross-sectional area of air outlet 18 can range from about 
0.01 in2 to about 1.5 m2. The internal airWay de?ned by 
endpiece 12 and mouthpiece 14 can accommodate an air 
?oW rate typically produced during inhalation. For example, 
the airWay de?ned by endpiece 12, and mouthpiece 14 can 
accommodate an air ?oW rate ranging from 10 L/min to 200 
L/min. Endpiece 12 and mouthpiece 14 can be formed from 
a polymer or polymer composite, or from any other material 
capable of providing structural support for the internal 
components, including, for example, metals, alloys, com 
posites, ceramics, and combinations thereof. The exterior 
surface of endpiece 12 and mouthpiece 14 can further be 
textured or include molded inserts to enhance the tactile 
and/or aesthetic qualities. The Wall thickness of endpiece 12 
and mouthpiece 14 can be any appropriate thickness that 
provides mechanical integrity to the delivery device and 
physical support for the internal components. In certain 
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embodiments, endpiece 12 and mouthpiece 14 can be fab 
ricated by injection molding methods using loW cost plastics 
and/or plastic components. 

[0031] FIG. 2 shoWs a cut-aWay cross-sectional vieW of 
multi-dose drug delivery device 10. Mouthpiece 14 is slid 
ably connected at interface 22 to endpiece 12, and as 
illustrated in FIG. 2, is pulled slightly apart from endpiece 
12 in a partially disassembled con?guration. Mouthpiece 14 
includes an internal baffle 25 having a hole 27. In certain 
embodiments, the slidable connection at interface 22 can be 
used to rotate mouthpiece 14 With respect to endpiece 12 to 
orient hole 27 With respect to components retained Within 
endpiece 12, and in particular, to align hole 27 With an 
individual heat package 32. Baf?e 25 diverts air ?oWing in 
the airWay through hole 27. When a patient inhales on 
mouthpiece 14, air enters air inlet 16, passes through plu 
rality of holes 63, is diverted by baffle 25 through hole 27, 
and exits the device through air outlet 18. 

[0032] To deliver a drug, such as nicotine to a user, a drug 
is vaporiZed from an exterior surface 30 of at least one heat 
package 32. A plurality of heat packages 32, for example 
from 5 to 30 heat packages are contained Within each drug 
delivery device 10. 

[0033] FIG. 3 shoWs a cross-sectional vieW of an embodi 
ment of heat package 32. Each heat package 32 includes a 
percussive igniter 40 and a heating element 39. Percussive 
igniter 40 includes mechanically deformable tube 42, an 
anvil 44 coaxially disposed Within deformable tube 42, and 
held in place by indentations 46. An initiator composition 48 
is disposed on a region of anvil 44. When mechanically 
impacted With suf?cient force, deformable tube 42 is 
deformed, compressing initiator composition 48 betWeen 
deformable tube 42 and anvil 44 causing initiator composi 
tion 48 to de?agrate and eject sparks. The interior 52 of 
heating element 39 includes a fuel 50 capable of producing 
a rapid, high intensity heat impulse When ignited. Examples 
of appropriate fuels are disclosed herein. The exterior sur 
face 54 of heating element 39 includes a thin ?lm 56 of a 
drug or drug-containing composition. De?agration of initia 
tor composition 48 causes fuel 50 to ignite. The heat 
generated by burning fuel 50 heats exterior surface 54 of 
heating element 39. The thermal energy from exterior sur 
face 54 is transferred to and vaporiZes thin ?lm 56 of drug 
or drug containing composition from exterior surface 54. 
The drug vapor can condense in the air How in device 10 (see 
FIGS. 1-2) to form a drug aerosol. 

[0034] In FIG. 2, heat packages 32 are shoWn in an open 
con?guration, meaning that there is not a feature separating 
each heat package 32 from adjacent heat packages. FIG. 4 
shoWs another embodiment of a multi-dose drug delivery 
device incorporating a plurality of heat packages. In FIG. 4, 
heat packages 32 are formed from a sealed, cylindrical 
enclosure. One end of each heat package 32 comprises a 
percussive igniter 110, and the opposing end comprises a 
heating element 111. Each heat package 32 is retained by 
mounting plate 55. Heating element 111 of each heat pack 
age 32 is disposed Within cylindrical recess 60. FIG. 5 shoW 
more clearly the heat package 32 disposed Within the 
cylindrical recess 50. Recesses 60 can prevent drug vapor 
iZed from a heat package 32 from depositing on an adjacent 
heat package. Preventing deposition of vaporiZed drug on 
adjacent heat packages can be useful for maintaining a 
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consistent amount of drug aerosol generated for each actua 
tion of the device, and/or can facilitate producing high purity 
aerosols. 

[0035] FIG. 4 also more clearly shoWs the structure of 
engagement arm 53 as comprising tWo members 112 per 
pendicular to the axis of engagement arm 53 and Which are 
used to pull or push a striker arm (noW shoWn) of torsion 
springs 41, and 43, from percussive igniter end 110 of heat 
package 32. Pulling or pushing a striker arm from percussive 
igniter end 110 frees the striker arm to impact a subsequent, 
non-activated heat package 32. FIG. 4 also shoWs a rod 113 
disposed in a recess 60 and extending into the interior of 
endpiece 12. Rod 113 acts as a mechanical stop that holds 
the striker arm in a pre-stressed position prior to the ?rst use 
of the device. For example, When a user ?rst uses the device 
shoWn in FIG. 4, a striker arm can be resting on rod 113 in 
a pre-stressed condition. During the ?rst use, the user pushes 
out on push-out sWitch 20, causing engagement arm 53 to 
pull or push a striker arm off rod 113, causing the striker arm 
to impact percussive igniter 110 of ?rst heat package 32. 
First heat package 32 noW holds the striker arm in a 
pre-stressed condition. During the second use, the user 
pushes on push-out sWitch 20 causing engagement arm 53 to 
pull or push the striker arm off ?rst heat package 32, causing 
the striker arm to impact percussive igniter 110 of a second 
heat package 32. The process can be repeated until all heat 
packages 32 are activated. 

[0036] The devices shoWn in FIGS. 2 and 4 can be used 
to administer an aerosol of a substance, such as a drug, to a 
patient. Each heat package 32 can be coated With a thin ?lm 
of the substance or drug. The patient inhales on mouthpiece 
14 to generate an air ?oW through the device, and at the same 
time, actuates push-out sWitch 20 to cause heat package 32 
to vaporiZe the substance or drug, Which then condenses in 
the air?oW to form an aerosol of the substance or drug, 
Which is then inhaled by a patient. 

[0037] In certain embodiments, the overall assembled 
length of the multi-dose drug delivery device can range from 
about 3 inches to 6 inches, in certain embodiments from 
about 4 inches to about 4.6 inches. 

[0038] As shoWn in FIG. 2, endpiece 12 includes a base 
section 35 and a mounting section 37 Which are ?xedly 
connected to form a single unit. Base section 35 includes one 
or more air inlets 16, a revolver mechanism 38 con?gured to 
provide an impact force for activating the percussive ignit 
ers, and a manually actuated push-out sWitch 20. Air inlets 
16 include one or more holes in one end of endpiece 12. 
Revolver mechanism 38 includes a shaft on Which is 
mounted a ?rst torsion spring 41 and a second torsion spring 
43. Torsion springs 41, 43 are Wound around revolver 
mechanism 38, With a ?rst end 45 ?xed to shaft 38 and With 
a second end or striker arm 47 extending toWard and capable 
of impacting the percussive igniters of heat packages 32. 
Push-out sWitch 20 including manual slide 49, compression 
spring 51 and engagement arm 53 is also incorporated into 
endpiece 12. Spring 51 maintains slide 20 in a pushed-in or 
non-actuated position. In a non-actuated position, striker 
arm 47 rests against a heat package 32 or a rest pin (not 
shoWn). Pushing out on slide 20 causes engagement arm to 
pull striker arm 47 off a heat package 32 so that striker arm 
47 is free to impact the percussive igniter of a subsequent 
heat package. 
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[0039] Mounting section 37 includes a mounting plate 55 
having a plurality of heat package mounting holes 61, a 
plurality of air holes 63, and an access hole 65 through 
Which revolver shaft 38 is inserted. Heat packages 32 are 
inserted in heat package mounting holes 61 and can be held 
in place With an interference ?t, press ?t, an adhesive 
composition, or other such method. Heat packages 32 can be 
positioned at intervals around revolver shaft 38. Air holes 63 
can be located around each of the heat packages 32 such that 
a suf?cient air?oW can pass over each heat package to form 
a substance or drug vaporiZed from the surface of the heat 
package. 

[0040] A ?rst end 67 of revolver shaft 38 is ?xedly 
attached to air inlet end of base section 35. To assemble 
device 10, mounting section 37 is placed onto base section 
35 by inserting revolver shaft 38 through access hole 65. 
Mouthpiece 14 can then be inserted over mounting section 
37 and locked in place. 

[0041] Actuation mechanisms other than the mechanical 
mechanism using torsion springs and a push-out sWitch can 
be used to provide a mechanical impact to activate a 
percussive igniter. Such actuation mechanisms include 
mechanical mechanisms, electrical mechanisms and inhala 
tion mechanisms. Examples of other mechanical mecha 
nisms include, but are not limited to, releasing a compres 
sion spring to impact the percussive igniter, releasing or 
propelling a mass to impact the percussive igniter, moving 
a lever to release a pre-stressed spring, and rotating a section 
of the device to stress and release a spring to impact a 
percussive igniter. Regardless of the mechanism employed 
in a particular drug delivery device, the actuation mecha 
nism Will produce suf?cient impact force to deform the outer 
Wall of the percussive igniter, and cause the initiator com 
position to de?agrate. 

[0042] In certain embodiments, a drug delivery device can 
be a single dose device comprising a single heat package. In 
certain embodiments, Wherein a section comprising the one 
or more percussively ignited heat package, and a section 
comprising the actuation mechanism are separable by the 
user, When the one or more heat packages have been 
activated, a neW section comprising unused heat packages 
With a drug coating can be inserted, and the section com 
prising the actuation mechanism reused. In certain embodi 
ments, the one or more heat packages and actuation mecha 
nisms can be provided as a single unit that is not designed 
to be separated by a user. In such embodiments, after the one 
or more doses have been activated, the entire device can be 
discarded. Thus, in certain embodiments, the drug delivery 
device comprising a percussively activated heat package 
Will comprise parts and materials that are loW-cost and 
disposable. 

[0043] FIGS. 6A-6F shoW embodiments of heat packages 
comprising a percussive igniter. The heat packages 70 
shoWn in FIGS. 6A-6F substantially comprise a sealed tube 
or cylinder 76 having a ?rst end 72 and a second end 74. For 
use in a portable medical device, it is important that a heat 
package remain sealed When ignited and Withstand any 
internal pressure generated by the burning fuels. In FIGS. 
6A, and 6C-6F, ?rst end 72 of heat package 70 is integral 
With the tubular body portion 76 or formed from the same 
part as tubular body portion 76. In FIG. 6B, ?rst end 72 is 
a separate section and second end 74 is a separate section. 
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Sections 72, 74 can be sealed at interface 78 by any 
appropriate means capable of withstanding the pressure and 
temperatures generated during combustion of the initiator 
and fuel compositions such as by soldering, Welding, crimp 
ing, adhesively af?xing, mechanically coupling, or the like. 
Second end 74 can also be sealed by similar means, and in 
certain embodiments, can include an insert, Which may be 
thermally conductive or non-conductive. 

[0044] FIG. 6A shoWs an embodiment of a heat package 
70 having a coaxially positioned anvil 80 held in place by 
indentations 86, 87. Anvil 80 extends substantially the 
length of heat package 70. A thin coating of an initiator 
composition 82 is disposed toWard one end of anvil 80, and 
a coating of a metal oxidation/reduction fuel composition 84 
as disclosed herein is disposed on the other end of anvil 80. 
Indentations 87 provide space betWeen anvil 80 and the 
inner Wall of tube 70 to alloW sparks produced during 
de?agration of initiator composition 82 to strike and ignite 
fuel composition 84. Anvil 80 can include features to 
facilitate retention of a greater amount of fuel and/or to 
facilitate assembly. For example, the end of anvil 80 on 
Which fuel 84 is disposed can include ?ns or serrations to 
increase the surface area. 

[0045] FIG. 6B shoWs an embodiment of a heat package 
70 having an anvil 90 extending less than the length of heat 
package 70. Anvil 90 is held coaxially Within tube 92 by 
indentations 94 toWard one end of anvil 90. Minimizing or 
eliminating obstructions in the space betWeen anvil 90 and 
the inner Wall of tube 92 can facilitate the ability of sparks 
ejected from initiator composition 82 to strike and ignite fuel 
98. First and second sections 72, 74 forming heat package 70 
shoWn in FIG. 6B are sealed at interface 78. A fuel 98 is 
disposed Within ?rst section 72. Short anvil 90 permits the 
entire area Within ?rst section 72 to be ?lled With fuel 98. 

[0046] In FIG. 6C, anvil 100 comprises a fuel. Initiator 
composition 82 is disposed on part of the surface of anvil 
100. Activation of initiator composition 82 can cause anvil 
100 to ignite. End section 102 can be made of a thermally 
insulating material to facilitate mounting heat package 70. 
Use of a fuel extending substantially the length of the heat 
package can provide a larger usefully heated area. 

[0047] FIG. 6D shoWs an embodiment of heat package 70 
in Which the front end 104 of anvil 106 is formed With a 
high-pitch, thin-Wall auger Which can be used, for example, 
to load fuel 101 into cylinder end 72. Such a design can be 
useful in facilitating manufacturability of the heat package. 

[0048] FIG. 6E shoWs an embodiment of heat package 70 
in Which anvil 90 extends part of the length of tube 76, and 
a substantial part of the interior of tube 76 is ?lled With a fuel 
99. Anvil 90 is held in place by indentations 94. Initiator 
composition 82 is disposed on the anvil 90. Filing a sub 
stantial part of tube 76 With fuel 99 can increase the amount 
of heat generated by heat package 70. As shoWn in FIG. 6F, 
in certain embodiments, fuel 99 can be disposed as a layer 
on the inside Wall of tube 76 and the center region 97 can be 
a space. Alayer of fuel 99 can facilitate even heating of tube 
76 and/or more rapidly reaching a maximum temperature by 
exposing a larger surface area that can be ignited by sparks 
ejected from initiator composition 82. A space in center 
region 97 can provide a volume in Which released gases can 
accumulate to reduce the internal pressure of heat package 
70. 
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[0049] FIG. 3, as discussed above, shoWs another embodi 
ment of a heat package. Heat package 32 includes a ?rst 
section 40 comprising a percussive igniter, and a second 
section 39 having a cross-sectional dimension greater than 
that of ?rst section 40 comprising a fuel 50. The percussive 
igniter includes an anvil 44 coaxially disposed Within a 
deformable tube 42. One end 45 of deformable tube 42 is 
sealed and the opposing end 57 is joined to section 39. Anvil 
44 is held in place by indentations 46. Apart of anvil 44 is 
coated With an initiator composition 48. Second section 39 
comprises an enclosure having a Wall thickness and cross 
sectional dimension greater than that of ?rst section 40. Such 
a design may be useful to increase the amount of fuel, to 
increase the external surface area on Which a substance can 

be disposed, to provide a volume in Which gases can expand 
to thereby reduce the pressure Within the enclosure, to 
provide a greater fuel surface area for increasing the burn 
rate, and/or to increase the structural integrity of ?rst section 
40. In FIG. 3, fuel 50 is shoWn as a thin layer disposed along 
the inner Wall of second section 39. Other fuel con?gura 
tions are possible. For example, the fuel can be disposed 
only along the horiZontal Walls, can completely or partially 
?ll internal area 52, and/or be disposed Within ?brous matrix 
disposed throughout area 52. It Will be appreciated that the 
shape, structure, and composition of fuel 50 can be deter 
mined as appropriate for a particular application that, in part, 
can be determined by the thermal pro?le desired. Heat 
package 32 further includes a thin ?lm of substance 56 
disposed on the outer surface of second section 39. 

[0050] A heat package, such as shoWn in FIG. 3, and 
FIGS. 6A-6F, can have any appropriate dimension Which 
can at least in part be determined by the surface area 
intended to be heated and the maximum desired tempera 
ture. Percussively activated heat packages can be particu 
larly useful as compact heating elements capable of gener 
ating brief heat impulses such as can be used to vaporiZe a 
drug to produce a condensation aerosol for inhalation. In 
such applications, the length of a heat package can range 
from 0.4 inches to 2 inches and have a diameter ranging 
from 0.05 inches to 0.2 inches. In certain embodiments the 
anvil can be coiled in Which case the length of the anvil can 
vary to based on the tightness of the coil and length required 
to ignite the fuel. The optimal dimensions of the anvil, the 
dimensions of the enclosed cylinder, and the amount of fuel 
disposed therein for a particular application and/or use can 
be determined by standard optimiZation procedures. 

[0051] The self-contained heat packages can be percus 
sively ignited by mechanically impacting the enclosure With 
suf?cient force to cause the part of the enclosure to be 
directed toWard the anvil, Wherein the initiator composition 
is compressed betWeen the tube and the anvil. The com 
pressive force initiates de?agration of the initiator compo 
sition. Sparks produced by the de?agration are directed 
toWard and impact the fuel composition, causing the fuel 
composition to ignite in a self-sustaining metal oxidation 
reaction generating a rapid, intense heat impulse. 

[0052] Percussively activated initiator compositions are 
Well knoWn in the art. Initiator compositions for use in a 
percussive ignition system Will de?agrate When impacted to 
produce intense sparking that can readily and reliably ignite 
a fuel such as a metal oxidation-reduction fuel. For use in 
enclosed systems, such as for example, for use in heat 
packages, it can be useful that the initiator compositions not 
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ignite explosively, and not produce excessive amounts of 
gas. Certain initiator compositions are disclosed in US. 
patent application Ser. No. 10/851,018 entitled “Stable Ini 
tiator Compositions and Igniters,” ?led May 20, 2004, the 
entirety of Which is incorporated herein by reference. Ini 
tiator compositions comprise at least one metal reducing 
agent, at least one oxidizing agent, and optionally at least 
one inert binder. 

[0053] In certain embodiments, a metal reducing agent can 
include, but is not limited to molybdenum, magnesium, 
phosphorous, calcium, strontium, barium, boron, titanium, 
Zirconium, vanadium, niobium, tantalum, chromium, tung 
sten, manganese, iron, cobalt, nickel, copper, Zinc, cad 
mium, tin, antimony, bismuth, aluminum, and silicon. In 
certain embodiments, a metal reducing agent can include 
aluminum, Zirconium, and titanium. In certain embodi 
ments, a metal reducing agent can comprise more than one 
metal reducing agent. 

[0054] In certain embodiments, an oxidiZing agent can 
comprise oxygen, an oxygen based gas, and/or a solid 
oxidiZing agent. In certain embodiments, an oxidiZing agent 
can comprise a metal-containing oxidiZing agent. Examples 
of metal-containing oxidiZing agents include, but are not 
limited to, perchlorates and transition metal oxides. Perchlo 
rates can include perchlorates of alkali metals or alkaline 
earth metals, such as but not limited to, potassium perchlo 
rate (KClO4), potassium chlorate (KClO3), lithium perchlo 
rate (LiClO4), sodium perchlorate (NaClO4), and magne 
sium perchlorate (Mg(ClO4)2). In certain embodiments, 
transition metal oxides that function as metal-containing 
oxidiZing agents include, but are not limited to, oxides of 
molybdenum, such as M003; oxides of iron, such as Fe2O3; 
oxides of vanadium, such as V205; oxides of chromium, 
such as CrO3 and Cr2O3; oxides of manganese, such as 
MnO2; oxides of cobalt such as C0304; oxides of silver such 
as AgZO; oxides of copper, such as CuO; oxides of tungsten, 
such as W03; oxides of magnesium, such as MgO; and 
oxides of niobium, such as NbZOS. In certain embodiments, 
the metal-containing oxidiZing agent can include more than 
one metal-containing oxidiZing agent. 

[0055] In certain embodiments, a metal reducing agent 
and a metal-containing oxidiZing agent can be in the form of 
a poWder. The term “poWder” refers to poWders, particles, 
prills, ?akes, and any other particulate that exhibits an 
appropriate siZe and/or surface area to sustain self-propa 
gating ignition. For example, in certain embodiments, the 
poWder can comprise particles exhibiting an average diam 
eter ranging from 0.01 pm to 200 pm. 

[0056] In certain embodiments, the amount of oxidiZing 
agent in the initiator composition can be related to the molar 
amount of the oxidiZer at or near the eutectic point for the 
fuel compositions. In certain embodiments, the oxidiZing 
agent can be the major component and in others the metal 
reducing agent can be the major component. Also, as knoWn 
in the art, the particle siZe of the metal and the metal 
containing oxidiZer can be varied to determine the burn rate, 
With smaller particle siZes selected for a faster burn (see, for 
example, PCT WO 2004/01396). Thus, in some embodi 
ments Where faster burn is desired, particles having nanom 
eter scale diameters can be used. 

[0057] In certain embodiments, the amount of metal 
reducing agent can range from 25% by Weight to 75% by 

Feb. 16, 2006 

Weight of the total dry Weight of the initiator composition. 
In certain embodiments, the amount of metal-containing 
oxidiZing agent can range from 25% by Weight to 75% by 
Weight of the total dry Weight of the initiator composition. 

[0058] In certain embodiments, an initiator composition 
can comprise at least one metal, such as those described 
herein, and at least one metal-containing oxidiZing agent, 
such as, for example, a chlorate or perchlorate of an alkali 
metal or an alkaline earth metal, or metal oxide, and others 
disclosed herein. 

[0059] In certain embodiments, an initiator composition 
can comprise at least one metal reducing agent selected from 
aluminum, Zirconium, and boron. In certain embodiments, 
the initiator composition can comprise at least one oxidiZing 
agent selected from molybdenum trioxide, copper oxide, 
tungsten trioxide, potassium chlorate, and potassium per 
chlorate. 

[0060] In certain embodiments, aluminum can be used as 
a metal reducing agent. Aluminum can be obtained in 
various siZes such as nanoparticles, and can form a protec 
tive oxide layer and therefore can be commercially obtained 
in a dry state. 

[0061] In certain embodiments, the initiator composition 
can include more than one metal reducing agent. In such 
compositions, at least one of the reducing agents can be 
boron. Examples of initiator compositions comprising boron 
are disclosed in US. Pat. Nos. 4,484,960, and 5,672,843. 
Boron can enhance the speed at Which ignition occurs and 
thereby can increase the amount of heat produced by an 
initiator composition. 

[0062] In certain embodiments, reliable, reproducible and 
controlled ignition of a fuel can be facilitated by the use of 
an initiator composition comprising a mixture of a metal 
containing oxidiZing agent, at least one metal reducing agent 
and at least one binder and/or additive material such as a 
gelling agent and/or binder. The initiator composition can 
comprise the same or similar reactants at as those compris 
ing a metal oxidation/reduction fuel, as disclosed herein. 

[0063] In certain embodiments, an initiator composition 
can comprise one or more additive materials to facilitate, for 
example, processing, enhance the mechanical integrity and/ 
or determine the burn and spark generating characteristics. 
An inert additive material Will not react or Will react to a 
minimal extent during ignition and burning of the initiator 
composition. This can be advantageous When the initiator 
composition is used in an enclosed system Where minimiZ 
ing pressure is useful. The additive materials can be inor 
ganic materials and can function, for example, as binders, 
adhesives, gelling agents, thixotropic, and/or surfactants. 
Examples of gelling agents include, but are not limited to, 
clays such as Laponite, Montmorillonite, Cloisite, metal 
alkoxides such as those represented by the formula R—Si 
(OR)n and M(OR)n Where n can be 3 or 4, and M can be 
titanium, Zirconium, aluminum, boron or other metal, and 
colloidal particles based on transition metal hydroxides or 
oxides. Examples of binding agents include, but are not 
limited to, soluble silicates such as sodium-silicates, potas 
sium-silicates, aluminum silicates, metal alkoxides, inor 
ganic polyanions, inorganic polycations, inorganic sol-gel 
materials such as alumina or silica-based sols. Other useful 
additive materials include glass beads, diatomaceous earth, 
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nitrocellulose, polyvinylalcohol, guar gum, ethyl cellulose, 
cellulose acetate, polyvinylpyrrolidone, ?uoro-carbon rub 
ber (Viton) and other polymers that can function as a binder. 
In certain embodiments, the initiator composition can com 
prise more than one additive material. 

[0064] In certain embodiments, additive materials can be 
useful in determining certain processing, ignition, and/or 
burn characteristics of an initiator composition. In certain 
embodiments, the particle siZe of the components of the 
initiator can be selected to tailor the ignition and burn rate 
characteristics as is knoWn in the art, for example, as 
disclosed in Us. Pat. No. 5,739,460. 

[0065] In certain embodiments, it can be useful that the 
one or more additives be inert. When sealed Within an 

enclosure, the exothermic oxidation-reduction reaction of 
the initiator composition can generate an increase in pres 
sure depending on the components selected. In certain 
applications, such as in portable medical devices, it can be 
useful to contain the pyrothermic materials and products of 
the exothermic reaction and other chemical reactions result 
ing from the high temperatures generated Within the enclo 
sure. 

[0066] In certain embodiments particularly appropriate for 
use in medical applications, it is desirable that the additive 
not be an explosive, as classi?ed by the US. Department of 
Transportation, such as, for example, nitrocellulose. In cer 
tain embodiments, the additives can be Viton, Laponite or 
glass ?lter. These materials bind to the components of an 
initiator composition and can provide mechanical stability to 
the initiator composition. 

[0067] The components of an initiator composition com 
prising the metal reducing agent, metal-containing oxidiZing 
agent and/or additive materials and/or any appropriate aque 
ous- or organic-soluble binder, can be mixed by any appro 
priate physical or mechanical method to achieve a useful 
level of dispersion and/or homogeneity. For ease of han 
dling, use and/or application, initiator compositions can be 
prepared as liquid suspensions or slurries in an organic or 
aqueous solvent. 

[0068] The ratio of metal reducing agent to metal-contain 
ing oxidiZing agent can be selected to determine the appro 
priate burn and spark generating characteristics. In certain 
embodiments, an initiator composition can be formulated to 
maximiZe the production of sparks having suf?cient energy 
to ignite a fuel. Sparks ejected from an initiator composition 
can impinge upon the surface of a fuel, such as an oxidation/ 
reduction fuel, causing the fuel to ignite in a self-sustaining 
exothermic oxidation-reduction reaction. In certain embodi 
ments, the total amount of energy released by an initiator 
composition can range from 0.25 J to 8.5 J. In certain 
embodiments, a 20 pm to 100 pm thick solid ?lm of an 
initiator composition can burn With a de?agration time 
ranging from 5 milliseconds to 30 milliseconds. In certain 
embodiments, a 40 pm to 100 pm thick solid ?lm of an 
initiator composition can burn With a de?agration time 
ranging from 5 milliseconds to 20 milliseconds. In certain 
embodiments, a 40 pm to 80 pm thick solid ?lm of an 
initiator composition can burn With a de?agration time 
ranging from 5 milliseconds to 10 milliseconds. 

[0069] Examples of initiator compositions include com 
positions comprising 10% Zr, 22.5% B, 67.5% KClO3; 49% 
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Zr, 49% M003, and 2% nitrocellulose; 33.9% A1, 55.4% 
M003, 8.9% B, and 1.8% nitrocellulose; 26.5% A1, 51.5% 
M003, 7.8% B, and 14.2% Viton; 47.6% Zr, 47.6% M003, 
and 4.8% Laponite, Where all percents are in Weight percent 
of the total Weight of the composition. 

[0070] Examples of high-sparking and loW gas producing 
initiator compositions comprise a mixture of aluminum, 
molybdenum trioxide, boron, and Viton. In certain embodi 
ments, these components can be combined in a mixture of 
20-30% aluminum, 40-55% molybdenum trioxide, 6-15% 
boron, and 5-20% Viton, Where all percents are in Weight 
percent of the total Weight of the composition. In certain 
embodiments, an initiator composition comprises 26-27% 
aluminum, 51-52% molybdenum trioxide, 7-8% boron, and 
14-15% Viton, Where all percents are in Weight percent of 
the total Weight of the composition. In certain embodiments, 
the aluminum, boron, and molybdenum trioxide are in the 
form of nanoscale particles. In certain embodiments, the 
Viton is Viton A500. 

[0071] In certain embodiments, the percussively activated 
initiator compositions can include compositions comprising 
a poWdered metal-containing oxidiZing agent and a poW 
dered reducing agent comprising a central metal core, a 
metal oxide layer surrounding the core and a ?urooalkysi 
lane surface layer as disclosed, for example, in Us. Pat. No. 
6,666,936. 

[0072] Typically, an initiator composition is prepared as a 
liquid suspension in an organic or aqueous solvent for 
coating the anvil and soluble binders are generally included 
to provide adhesion of the coating to the anvil. 

[0073] A coating of an initiator composition can be 
applied to an anvil in various knoWn Ways. For example, an 
anvil can be dipped into a slurry of the initiator composition 
folloWed by drying in air or heat to remove the liquid and 
produce a solid adhered coating having the desired charac 
teristic previously described. In certain embodiments, the 
slurry can be sprayed or spin coated on the anvil and 
thereafter processed to provide a solid coating. The thick 
ness of the coating of the initiator composition on the anvil 
should be such, that When the anvil is placed in the enclo 
sure, the initiator composition is a slight distance of around 
a feW thousandths of an inch, for example, 0.004 inches, 
from the inside Wall of the enclosure. 

[0074] The fuel can comprise a metal reducing agent an 
oxidiZing agent, such as, for example, a metal-containing 
oxidiZing agent. In certain embodiments, the fuel can com 
prise a mixture of Zr and M003, Zr and Fe2O3, Al and 
M003, orAl and Fe2O3. In certain embodiments, the amount 
of metal reduction agent can range form 60% by With to 90% 
by Weight, and the amount of metal containing oxidiZing 
agent can range from 40% by Weight to 10% by Weight. 

[0075] Examples of useful metal reducing agents for form 
ing a fuel include, but are not limited to, molybdenum, 
magnesium, calcium, strontium, barium, boron, titanium, 
Zirconium, vanadium, niobium, tantalum, chromium, tung 
sten, manganese, iron, cobalt, nickel, copper, Zinc, cad 
mium, tin, antimony, bismuth, aluminum, and silicon. In 
certain embodiments, a metal reducing agent can be selected 
from aluminum, Zirconium, and titanium. In certain embodi 
ments, a metal reducing agent can comprise more than one 
metal reducing agent. 
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[0076] In certain embodiments, an oxidizing agent for 
forming a fuel can comprise oxygen, an oxygen based gas, 
and/or a solid oxidiZing agent. In certain embodiments, an 
oxidiZing agent can comprise a metal-containing oxidiZing 
agent. In certain embodiments, a metal-containing oxidiZing 
agent includes, but is not limited to, perchlorates and tran 
sition metal oxides. Perchlorates can include perchlorates of 
alkali metals or alkaline earth metals, such as but not limited 
to, potassium perchlorate (KClO4), potassium chlorate 
(KClO3), lithium perchlorate (LiClO4), sodium perchlorate 
(NaClO4), and magnesium perchlorate (Mg(ClO4)2). In cer 
tain embodiments, transition metal oxides that function as 
oxidiZing agents include, but are not limited to, oxides of 
molybdenum, such as M003; iron, such as Fe2O3; vana 
dium, such as V205; chromium, such as CrO3 and Cr2O3; 
manganese, such as MnO2; cobalt such as C0304; silver 
such as AgZO; copper, such as CuO; tungsten, such as W03; 
magnesium, such as MgO; and niobium, such as NbZOS. In 
certain embodiments, the metal-containing oxidiZing agent 
can include more than one metal-containing oxidiZing agent. 

[0077] In certain embodiments, the metal reducing agent 
forming the solid fuel can be selected from Zirconium and 
aluminum, and the metal-containing oxidiZing agent can be 
selected from M003 and Fe2O3. 

[0078] The ratio of metal reducing agent to metal-contain 
ing oxidiZing agent can be selected to determine the ignition 
temperature and the burn characteristics of the solid fuel. An 
exemplary chemical fuel can comprise 75% Zirconium and 
25% M003, percentage by Weight. In certain embodiments, 
the amount of metal reducing agent can range from 60% by 
Weight to 90% by Weight of the total dry Weight of the solid 
fuel. In certain embodiments, the amount of metal-contain 
ing oxidiZing agent can range from 10% by Weight to 40% 
by Weight of the total dry Weight of the solid fuel. 

[0079] In certain embodiments, a fuel can comprise one or 
more additive materials to facilitate, for example, processing 
and/or to determine the thermal and temporal characteristics 
of a heating unit during and folloWing ignition of the fuel. 
An additive material can be inorganic materials and can 
function as binders, adhesives, gelling agents, thixotropic, 
and/or surfactants. Examples of gelling agents include, but 
are not limited to, clays such as Laponite, Montmorillonite, 
Cloisite, metal alkoxides such as those represented by the 
formula R—Si(OR)n and M(OR)n Where n can be 3 or 4, and 
M can be titanium, Zirconium, aluminum, boron or other 
metal, and colloidal particles based on transition metal 
hydroxides or oxides. Examples of binding agents include, 
but are not limited to, soluble silicates such as sodium 
silicates, potassium-silicates, aluminum silicates, metal 
alkoxides, inorganic polyanions, inorganic polycations, 
inorganic sol-gel materials such as alumina or silica-based 
sols. Other useful additive materials include glass beads, 
diatomaceous earth, nitrocellulose, polyvinylalcohol, guar 
gum, ethyl cellulose, cellulose acetate, polyvinylpyrroli 
done, ?uoro-carbon rubber (VITON) and other polymers 
that can function as a binder. 

[0080] Other useful additive materials include glass beads, 
diatomaceous earth, nitrocellulose, polyvinylalcohol, and 
other polymers that may function as binders. In certain 
embodiments, the fuel can comprise more than one additive 
material. The components of the fuel comprising the metal, 
oxidiZing agent and/or additive material and/or any appro 
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priate aqueous- or organic-soluble binder, can be mixed by 
any appropriate physical or mechanical method to achieve a 
useful level of dispersion and/or homogeneity. In certain 
embodiments, the fuel can be degassed. 

[0081] The fuel in the heating unit can be any appropriate 
shape and have any appropriate dimensions. The fuel can be 
prepared as a solid form, such as a cylinder, pellet or a tube, 
Which can be inserted into the heat package. The fuel can be 
deposited into the heat package as a slurry or suspension 
Which is subsequently dried to remove the solvent. The fuel 
slurry or suspension can be spun While being dried to deposit 
the fuel on the inner surface of the heat package. In certain 
embodiments, the fuel can be coated on a support, such as 
the anvil by an appropriate method, including, for example, 
those disclosed herein for coating an initiator composition 
on an anvil. 

[0082] In certain embodiments the anvil can be formed 
from a combustible metal alloy or metal/metal oxide com 
position, such as are knoWn in the art, for example, PYRO 
FUZE. Examples of fuel compositions suitable for forming 
the anvil are disclosed in Us. Pat. Nos. 3,503,814; 3,377, 
955; and PCT Application No. WO 93/14044, the pertinent 
parts of each of Which are incorporated herein by reference. 

[0083] In certain embodiments, the fuel can be supported 
by a malleable ?brous matrix Which can be packed into the 
heat package. The fuel comprising a metal reducing agent 
and a metal-containing oxidiZing agent can be mixed With a 
?brous material to form a malleable ?brous fuel matrix. A 
?brous fuel matrix is a convenient fuel form that can 
facilitate manufacturing and provides faster burn rates. A 
?brous fuel matrix is a paper-like composition comprising a 
metal oxidiZer and a metal-containing reducing agent in 
poWder form supported by an inorganic ?ber matrix. The 
inorganic ?ber matrix can be formed from inorganic ?bers, 
such as ceramic ?bers and/or glass ?bers. To form a ?brous 
fuel, the metal reducing agent, metal-containing oxidiZing 
agent, and inorganic ?brous material are mixed together in 
a solvent, and formed into a shape or sheet using, for 
example, paper-making equipment, and dried. The ?brous 
fuel can be formed into mats or other shapes as can facilitate 
manufacturing and/or burning. 

[0084] In certain embodiments, a substance can be dis 
posed on the outer surface of the percussively activated heat 
package. When activated, the heat generated by burning of 
the fuel can provide a rapid, intense thermal impulse capable 
of vaporiZing a thin ?lm of substance disposed on an exterior 
surface of the heat package With minimal degradation. Athin 
?lm of a substance can be applied to the exterior of a heat 
package by any appropriate method and can depend in part 
on the physical properties of the substance and the ?nal 
thickness of the layer to be applied. In certain embodiments, 
methods of applying a substance to a heat package include, 
but are not limited to, brushing, dip coating, spray coating, 
screen printing, roller coating, inkjet printing, vapor-phase 
deposition, spin coating, and the like. In certain embodi 
ments, the substance can be prepared as a solution compris 
ing at least one solvent and applied to an exterior surface of 
a heat package. In certain embodiments, a solvent can 
comprise a volatile solvent such as acetone, or isopropanol. 
In certain embodiments, the substance can be applied to a 
heat package as a melt. In certain embodiments, a substance 
can be applied to a ?lm having a release coating and 




















